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Parameter  Estimation  For  Static  Models 
Of  The  Maypole  Hoop/Column  Antenna  Surface 


H.  T.  Banks 
P.  L.  Daniel 
E.  S.  Armstrong 


ABSTRACT 


Ne  discuss  theoretical  and  numerical  results  for  spline  based 
approximation  schemes  employed  In  parameter  estimation  algorithms 
for  static  distributed  systems.  A  specific  application  involves 
estimation  of  parameters  In  models  for  the  antenna  surface  In  the 
deployable  Maypole  Hoop/Column  antenna. 
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AMTBACT 

Wa  dlacuaa  thaorotlcal  and  aunarlcal  ronolta 
for  apllna  baaod  approximation  acbamna  employed  In 
paraaatar  aaclaatloo  algorithms  for  atatlc  dlatrl- 
botad  ay a tamo,  a  ayaclfle  application  lovolvaa 
aaclaatloo  of  paraoatara  la  aodala  for  tha  antaana 
surface  in  tha  dayloyabla  Mayyola  Booy/Colum 
aataana. 


umtocucnow 

Hathoda  for  atata  and  paraaatar  aatlaatlon  la 
dlacrlhotad  ayataa  aodala  for  large  apnea  struc- 
toraa  ara  of  lac  manias  layortanca  la  Plan  of  tha 
lnhoront  complexity  la  configuration  aad  notarial 
coayoaltloo  of  aoch  acmetnraa.  Tha  dayloyabla 
Maypole  Boop/Colaan  aataana  (12 I  andar  devil npusct 
by  tha  Karris  Cory*  la  ona  such  axaayla.  Tha 
aataana  corn lata  of  a  gold-platod  aolybdaoun 
raflacclva  naah  aurfaca  atmtchad  over  a  co Hay- 
alb  la  hoop  that  aoypllaa  the  rigidity  nncaaaary  to 
aa la tala  tha  ontar  circular  shape  of  tha  antaana. 
Tha  annular  aaahrano-llko  onrfaco  (100  n.  la 
diameter)  aurrounda  a  talancoplng  col  non  which  pro¬ 
vides  anchoring  locatloaa  for  tha  flexible  naah 
and  for  cab Ian  that  caaanct  tha  toy  and  of  tha  naat 
to  tha  ontar  hoop  aad  tha  bottom  and  of  tha  moot  to 
40  equally  apacod  radial  graphite  cord  tmaa  tyarana 
novan  through  tha  naah  aurfaca.  Tha  loner  cablaa, 
or  control  "atrlngara",  define  the  ahayo  of  font 
aoparate  paraboloid  dlaheo  located  on  the  anrfaea 
aad  than  am  of  primary  import  once  In  tha  reellae- 
tloo  of  accurate  mf lector  anrfaea  control  that  la 
needed  la  coaeuni  cat  lone  application*.  Fusdementil 
to  the  Implementation  of  a  daoired  aurfaca  config¬ 
uration  (through  the  adjustment  of  control  atrlagara) 
la  an  anal ya la  of  the  current  antaana  configuration 
from  "obnervatlooa"  oh cal aad  through  aeaalag 
devices  on  tha  aurfaca;  although  Incarnating 
dynamic  atata  entlantloa  and  coetrol  p rob 1 ana  arlae 
during  tha  Initial  atagae  of  aataana  dap laymen c 
(from  the  cal Impend  "atone/”  configuration  la  the 
atoraga  compartment  of  the  apace  ahettla),  me  will 
concentrate  hem  on  the  atatlc  Idantlflcatlan  amb¬ 
loma  that  occur  after  eat  ended  par  lode  of  operation. 
Since  it  la  anticipated  that  aorlroamental  atmaaea 
aad  tha  effacta  of  aging  Pill  contribute  to  degra¬ 
dation  and  ebnagaa  la  net a  rial  prepare lea,  the 
atatlc  problaa  ulll  coealat  net  only  af  atata  lden- 
tlflcatlon  but  tha  aatlaatlon  of  varloua  material 
paraaecere  aad  loado  related  to  the  atrectete. 


In  what  follawe  wa  daacrlbe  a  atatlc  parameter 
aatlaatlon  problem  aaaoclatad  with  a  distributed 
nodal  for  the  antaana  aurfaca.  Our  effort*  have 
focuaad  on  tha  deualopmant  of  computationally  offi¬ 
ciant  aachnda  for  detemlalag  atlffnoaa  pa  reactor* 
and/or  tha  dlatrlbuced  load  oa  tha  aurfaca  (e.g. , 
through  the  control  etrlager/truaa  ayataa). 

AlthouM  we  recognise  tha  pooalbl*  Importance  of 
nonlinear  atata  equations  (eae,  for  ecanyle  (U, (2}> 
to  daacrlbe  aurfaca  displacement  aad  ara  currently 
laveotlgntlag  the  uao  of  each  aodala,  we  hare 
choeem  a  linear  distributed  model  aa  a  starting 
point  for  our  atudlao.  Our  seamed  atata  aquation, 
glean  hem  in  variational  form  by 

(1)  /*  /**(gfuTp  -  fwhr  dr  dt  *  0, 

0  *1 

relates  the  vertical  displacement  u  (from  hoop 
level  u  •  0)  co  the  atlffnoaa  (elastic)  coefficient, 
B  -  S(r,B\  and  tha  applied  distributed  load,  f.  la 
addition  to  secerning  o(B.,t)  «  0  (along  the  hoop) 
we,  without  loea  of  genofcllcy,  taka  o  •  0  at  the 
Inner  circular  boundary  of  the  surface  (r  •  B.) 
since  pmblaaa  with  aochomogcaeouc  boundary  condi¬ 
tions  may  anally  be  transformed  to  this  form  by  a 
change  of  variable,  finally,  u(r,0)  ■  u(r,2«)  • 
g(r),  sham  g  (or  as  syyronlmstlon  for  g)  la  assumed 
hi  owe  from  observations  along  a  single  radial  cord. 

AMTBACT  MT1MASXM  FBOBLflf 


The  methods  described  ham  am  similar  In 
spirit  co  those  for  dynamical  systems  found  la  (1|, 
1*1,  (3),  (B),  (71 1  them  one  reformulates  the 
underlying  system  (a  parameter  dependent  partial 
differential  equation  with  boundary  and  Initial 
conditions)  as  aa  abstract  evolution  equation 


(2) 


u(t)  •  A(q)u(t) 

e(0>  -  Ug 


In  an  appropriately  chosen  Hilbert  space  2.  The 
operator  A  (uoeally  Involving  spatial  differentia¬ 
tion)  any  depend  on  a  vector  q  of  parameters  to  bo 
estimated  by,  for  sum**,  •  least  squares  fit- co¬ 
data  criterion.  For  the  static  antaana  problem  we 
cake  s  similar  approach  la  that  we  reformulate  (1) 
as  as  abstract  variational  squat loo  m  2  given  by 

(3)  <A(q)e  -  f,v  >•  0  , 

wham  the  equation  bolds  for  all  v  la  some  sec  of 
test  t motions. 


To  construct  approxlante  paraaater  eatlnetloo 
probleae,  w  ehooaa  approxiaatloa  eubepacee  Z”  co  Z 
and  operator!  A*  »  P*AP",  uteri  r  la  the  ortho- 
tonal  pro} act loo  of  Z  gate  Z*.  Ho  Chao  obtain 
approx laat lna  atata  eg  we  t  loot  of  tha  font 

(*)  <A *(a)«"  -  T*f,v»  •  0 

for  a*  (1*.  Tor  flalte-dlaaaaioaal  aobapacaa  Z*. 
tha  paraaater  aatlaatloo  prohlaa  aeaoclatod  with 
(1)  can  offar  alga if leant  coapwteclooal  edvaatagea 
over  tha  original  ldeatlf ication  prohlaa,  eepec- 
ially  whan  tha  epproxlaec loan  ara  ouch  that  tha 
dlaenalon  of  Z"  can  ha  taken  eaall. 

Aaauaing  than  that  tha  «*"  appro xiaaci  pera- 
aotar  aattanclon  prohlaa  haa  boon  aolvad  for  saaa 
optlaal  paraaator  g*,  wo  thaa  hawo  a  ooguanco  of 
paraaatara  tg*)  for  which  wa  hawo  baaa  able  co 
doaonatraco  convergence  (in  in  approprtata  aaaaa) 
to  a  nolutioo  If  of  tha  original  aatlaatloo  prohlaa. 
Tha  cooworgaaca  acguntnta,  to  ha  daacribod  in  _ 
do tall  olaawhara.  dapoad  on  pro part loo  of  A  and  Z ", 
and  reguira  aawarai  general  aaawaptlooa  on  tha  para* 
aacara  and  tha  foactioa  f. 

sruas  AmoxottnoM  rot  ns 
avtsmia  ntotUM 

To  apply  tha  ahatract  fraaaworh  daacribod 
abowa  to  tha  prohlaa  of  aatiantiag,  for  anaapla, 
tha  atiffaaaa  coafficiaat  g  •  I  la  tha  ant anna 
prohlaa,  wa  firac  lad lento  how  oaa  eoapwtaa  approxh* 
ant  loan  co  tha  atata  for  a  giwoa  walaa  of  t  aalag 
ataadard  h-aplina  apacaa  (ft),  (10],  (11])  aa  tha 
approxiaatloa  aobapacaa  Z".  Mara  pradaalp,  U 


Mara  praciaalp. 


tha  1-diaaaaioaal  eroblan  (whara  aagalar  tyitty 
la  aaaoaad) ,  lot  Z*  daaota  tha  ipaa  of  liaaar 

apltna  baa  in  alaaaata  (•? . B|_j  )  dafiaad  on  a 

partition  of  lata  »  equal  aublatervala, 

whara  if  lo  tha  ataadard  liaaar  aliaant  caatarad 
at  lj  ♦  (lj  *  R<) t/h  (wa  nota  la  thin  cane  chat 
each  of  tha  haa  la  alaaaata  aatiaflaa  tha  liana 


each  of  tha  haa la  alaaaata  aac&afiaa  tha  haao 
gaaaaoo  boundary  coadltioaa  at  t-  aad  K.) .  Be- 
wrlclag  (A)  aa 

<S)  «A(g)u"  -  f  ,  p"w>  -  0  , 
or,  ogolvaloecly, 

(*)  •  *<r"w>  -  f  f^w  >rdr  •  0  , 

•l 

■ 

wa  nap  asprana  o  la  tana  of  ear  haa  la  alaaaata, 

W  0—1  m  a, 

a.g.,  a"  *  t  aad  caaaldar  tha  (antrix)  apataa 

i«l  1  * 

(7)  *t\  a"  /**«*»"  •  «")rdr  -  »"rdr, 

*"1  1  tj  1  1  tj  1 

J  •  l,,,,,t-l, 

whara  ij  ■  a?(S)  nap  ha  caapotad  far  each  choice  of 
t  bp  applying  ataadard  tachaigaaa  (a.g.,  Cho lanky 
dacoapoaitlan).  Ha  ante  that  other  apliaa  aohapneon 
(cubic,  go  lade  alaaaata,  ate.)  any  alao  ha  aaad, 
each  of  which  gaaantaa  a  antrix  for  tha  left-head 
aide  of  (?)  that  aahlhlta  a  deelrabla  handed  etrwe- 
twra. 

Tha  2-dlaeaetoeel  aataaaa  prohloa  aap  ha 
approached  la  a  alaUar  aaaaar,  alchoogh  it  poaaa 


additional  technical  dlfflcultiaa.  In  thia  caae 
wa  choooa  Z*  •  *f*j ^  whara  I*  •  l*(r)  and 
rj  -  (*(•)  are  apliaa  elenaata  (Unoar,  cubic,  etc., 
and  If lad  to  aaclafy  appropriate  boundary  coed It  Iona) 
dafiaad  on  a  partitioning  of  (ti,  tjl  and  (0,2e|, 
raapactlvaly,  into  H  eublntervale.  Since  tha  beela 
alaaaata  ara  now  taaaor  producta  of  apliaa  alaaaata, 
tha  2-dlaenelonal  analog  of  (?)  iawolwoa  the  direct 
product  of  handed  antrleaa  aad  c aquiree  epecial 
coaputat tonal  acheeee  (aaa  (t),  (9)). 

Ha  turn  nest  to  aa  laplaaoacatloa  of  the 
paraaater  eat  (nation  prohloa  for  fixed  1,  noting 
that  tha  d lacuna loo  then  far  haa  focoaad  on  the 
eolation  of  (7)  (or  lea  2-d iaaaa tonal  counterpart) 
once  a  choice  of  tha  paraaater  I  in  glwae.  Hheo  E 
in  unknown,  conventional  aptlaiaatioo  achoaaa  (a.g., 
louauborg-Harguardt)  nay  ha  applied  to  the  prohlaa 
of  aatlaatiag  E  f row  oboe rvat loan  of  the  atata  via, 
for  anaapla,  a  laaac  agoaraa  criterion  conet re lead 
by  the  approxiaetlag  atata  eguatloa  la  Z  . 

Typically  aa  initial  guana  Eg  ouet  ha  provided; 
the  opclaiaacioa  echeaa  thaa  gaaarataa  a  aeguanco 
(E?),  regulrlag  that  tha  atata  agnation  (7)  be 
aolvad  for  each  auccaoaiva  iterate  tj.  Clearly, 
the  efficiency  of  ehe  eatlaetion  effort  will  depend 
oa  tha  dlffteoley  Involved  la  aolviag  (7)  at  each 
atop  la  thia  procaaa;  la  tha  l-dlaanaiooal  cane, 
wa  any  elapllfy  thin  tank  by  picking  a  ropreaaata- 
tioa  for  t.  K(H) 

t(t)  -  C  tKIfr)  , 
k«l  *  * 

whara  N  aad  ^  (ueaally  apliaa  elenaata)  are  choeea 
a  priori.  Tha  advaacagee  to  thia  foiaulation  are 
twofold!  tie  need  only  identify  a  finite  anaher  of 
ocalar  paraaatara  yj,  k  •  laatoad  of  e 

function  E  of  r  aad,  alaca  thaaa  coafflciaate  will 
appear  la  front  of  tha  Utagrnla  in  the  left-hand 
aide  of  (7),  tha  regalalte  let egret lone  need  not 
ha  repented  an  each  paraaater  Iterate  la  opdetad. 

Ha  raaark  that  althoagh  the  choice  or  e lew ante  f( 
la  eoaauhat  arbitrary,  it  haa  been  our  experience 
that  higher  order  apliaa  alaaaata  (a.g.,  cubic)  ara 
acre  accurate  aad  thoa  any  he  affectively  otilixed 
with  oaa 11  valuae  of  N.  A  aiallar  rapraaantatloo 
for  E  la  alao  deelrabla  la  the  2-dlaaaalaaal  prohlaa. 

While  wa  obeli  aot  oapheaiaa  here  tha  theore¬ 
tical  aepecto  of  our  lnvaacigatlone,  wo  raaark  that 
wa  have  developed  a  convergence  theory  for  apliaa 
baaed  algor ithaa  each  aa  chat  juic  daacribod.  The 
fuadaaaatal  Maaa  involve  variational  tnegwalitlea 
aad  apliaa  approxiaatloa  aot  ton  tea  for  linear  and/or 
cubic  alaaaata. 

KMBMCAL  EXAMPLES 

Since  wo  are  currant ly  in  the  procnae  of 
nuaaricnlly  tea  ting  elgortthaa  for  the  2-d  mention  a  l 
nodal,  we  only  prevent  here  rapraaentativa  find logo 
for  tha  1-dlainolonal  prohlaa.  tn  thin  anaapla. 


I,  •  ),  «J  •  90,  end  the  applied  force  to  taken  to 
ho  f(r)  •  -.0002r*  a  J.  Since  tha  1-dlaanolonal 
counterpart  co  (1)  la  agwlvnlaat  co  aa  ordinary 
differential  eguatloa  two-point  hoandary  value 
prohlaa,  aa  independent  aathod  (a  nwltlpte  "thootieg" 
echeaa)  wna  owed  along  with  the  "true"  value  of  t, 
?(r)  ■  2  -  tie  |j<r-)),  to  goearata  "eanple"  data, 
i.e.,  tha  valuae  of  u  at  12  abaarvatioa  polate  la 


3 


M 

1.  Frjjj  an  initial  quea*  of  Efl,  ve  attempted 
tolfl£d  l  »  l  that  aatlaf lad  a  laaat  aquaraa  flt- 
to-data  eritarion.  la  addition,  m  choaa  a  cubic 
aplina  rapraaon t at lo«  for  E  (K(H)  •  *)  to  that  our 
identification  problem  bar  ana  that  of  estimating 
the  eoofflelanta  yP,  k  *  l,...,!.  In  that  rapra- 
aantatlon.  for  comparison  below.  Initial  guanoes 
and  ‘‘true"  aelutlona  are  aloe  axpraaaed  in  that 
font. 


Examola  1:  Wo  take  N-2* 

Ik 

(linear 

Ik 

ipUbm)  aod  •  0 

Ik.  IL 

Initial  iwwi 

0.001 

0.001 

0.001  0.001 

Coorgrigd 

1.424 

0.119 

0.109  1.314 

*Trt"  tlti 

1.A87 

0.113 

0.113  1.487 

Examola  2:  Kara  mil  (linear  oolite):  tfj  •  It  -  |r, 

Ik  Ik  I 2  li 

3.187 

1.887 

0.187  -1.333 

Cooranad  tlti 

1.424 

0.119 

0.109  1.314 

“True"  malt  * 

1.487 

0.113 

0.113  1.487 

(M  H.  T.  Banka,  J.  M.  Crowlav,  K.  tun  itch,  Cubic 
aplina  approximation  technique*  for  parameter 
aatlaatlon  lu  dlatrlbuted  tjratena,  LCDS 
Tech.  tap.  81-25,  Brown  Ualmertity,  1911; 

IEEE  Trane.  Auto. Control,  to  appear. 

[i|  R.  T.  Banka  and  f.  L.  Denial,  Faranatar 
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